J,                                                            CHAPTER XI

|                                                           MOLYBDENUM

Molybdenum is seldom present as impurity in iron or steel but
is sometimes added intentionally. Ferro-molybdenum, chrome-
^!                       molybdenum and metallic molybdenum are used in the prepara-

tion of special steels.

Molybdenum is interesting to the chemist because it has so
many typical reactions. Compounds representing at least five
different states of oxidation are known, corresponding to the
oxides MoO, Mo203, Mo02, Mo03 and Mo207. The first three
oxides have basic properties and the last two are acid anhydrides.
The analytical chemist often refers to other oxides, such as
Moi20i9 or Mo34037, but it is probable that these represent merely
a partial oxidation of trivalent molybdenum to the quadri-
valent or hexavalent state. Following the old dualistic nomen-
clature, according to which a salt was regarded as an oxide of a
metal combined with an oxide of a non-metal (e.g. K2SO4 was
K20-S03 and NaaCOs was Na20-C02) it is a common, though
deplorable, practice for analytical chemists to call the oxide
Mo03 molybdic acid and to speak of the oxidation of molybdic
sulfate to molybdic acid as the oxidation of Mo2O3 to Mo03.
To make this point clear, let us compare typical oxidation and
reduction reactions of molybdenum with those of iron.

According to the dualistic nomenclature the reduction of ferric
salt in acid solution by means of zinc is expressed as follows:

Zn + Fe203 = ZnO + 2FeO

and the oxidation back to ferric salt by means of permanganate
is written

lOFeO + Mn207 = 5Fe203 + 2MnO

Now we know that there is absolutely no evidence of any free
ZnO, FeO or Fe203 being formed at any time; in fact these oxides
cannot form because an excess of free acid is present in the analy-
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